The dielectric function of nanocrystalline silicon (nc-Si) with crystallite size in the range of 1 to 3 nm has been determined by spectroscopic ellipsometry in the range of 1.5 to 5.5 eV. ATauc-Lorentz parameterization is used to model the nc-Si optical properties. The nc-Si dielectric function can be used to analyze nondestructively nc-Si thin films where nanocrystallites cannot be detected by x-ray diffraction and Raman spectroscopy. . High resolution transmission electron microscopy (HRTEM) allows direct detection of very small nanocrystals, but it is destructive and not applicable as a routine analysis. In this letter, spectroscopic ellipsometry (SE) is demonstrated to be useful for nondestructive detection of silicon nanocrystals with a grain size well below 3 nm and for
determination of their volume fraction. The dielectric function of nc-Si with a size distribution in the range from 1 to 3 nm is determined. This is an extension to the nanometer scale of the live interest in parameterization and determination of dielectric function of microcrystalline silicon 7, 8 , whose dielectric function is crystallite-size dependent.
Undoped and Er-doped nc-Si films were deposited by reactive rf magnetron sputtering in a reactive atmosphere (R = pH 2 /(pH 2 +pAr) =0.67; p=pressure) on ordinary glass substrates at room temperature 9 .
Rutherford backscattering (RBS) was used to determine the atomic composition that resulted in %Si=72%, %H=28%, %O<0.5% (Er doping level  0.1%). HRTEM measurements were performed to establish the presence of silicon nanocrystallites. SE measurements of the pseudodielectric function, <>=<  >+i< 2 > were performed in the range from 1.5 to 5.0 eV with a phasemodulated spectroscopic ellipsometer (UVISEL-Jobin Yvon).
SE spectra were analyzed in terms of optical models based on the Bruggeman effective medium approximation (BEMA) 10 ; the fit goodness was estimated by the parameter  2 defined in Ref. 
 
H =28%, whose TEM picture is in Fig. 1 . Both < 2 > spectra are characterized by the peak at about 3.6 eV characteristic of a-Si:H, however, they differ in the interference fringes system, as shown by the inset. In particular, despite the larger hydrogen content that is known to increase the optical band gap, the interference system stops at about 1.9 eV for the a-Si:H film, while it extends up to 2.4 eV for the nc-Si:H sample that has a lower hydrogen content. This indicates an optical band gap for the nc-Si:H sample larger than that of the a-Si:H sample that cannot be ascribed to hydrogen; rather, the band gap increase is due to a quantum confinement effect for nc-Si film, and hence gives SE qualitative evidence of the presence of nanocrystallites. Figure 3 shows the measured and fitted SE spectra of the same nc-Si sample of Fig. 1 . In particular, Fig. 3(a) shows that a poor fit (  2 = 3.5) to the measured The corresponding XRD and Raman spectra indicated them as amorphous, but on this basis their different PL properties could not be explained. In contrast, the SE analysis indicates that samples differ in the volume fraction of the nanocrystallites, and the larger the volume fraction of nanocrystallites, the higher the PL efficiency at 1.54 m of Er 3+ ions, because of the efficient transfer of energy from nanocrystals to Er 3+ as reported by others 4 .
In conclusion, the dielectric function of nc-Si with a crystallite size distribution in the range of 1 to 3 nm has been determined by spectroscopic ellipsometry. The analysis of SE spectra of nc-Si samples is based on a parameterization of the nc-Si dielectric function with the Tauc-Lorentz equation and on a BEMA description of the amorphous phase using the tetrahedron model. It has been shown that spectroscopic ellipsometry can be used to study nondestructively the nanostructure of nc-Si thin films and determine quantitatively the volume fraction of nanocrystallites.
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